Background
Methods
The study included 1098 subjects (538 men and 560 women) aged 40 to 79 years, without diabetes (fasting glucose lower than 126 mg/dL and glycosylated hemoglobin lower than 6.5%), who consulted Osaka Medical College Health Science Clinic for a medical examination. Appendicular muscle mass was measured by bioelectrical impedance analysis. Appendicular muscle mass index was calculated as appendicular muscle mass divided by height squared (kg/m 2 ). The homeostatic model assessment of β-cell function was used to assess β-cell function. The homeostatic model assessment of insulin resistance was used as a measure of insulin resistance. The association between appendicular muscle mass index and clinical parameters of β-cell function and insulin resistance was examined.
Results
Log-transformed homeostatic model assessment of β-cell function and Log-transformed homeostatic model assessment of insulin resistance showed a normal distribution. In both men and women, there was a significant positive correlation between appendicular muscle mass index and clinical parameters of β-cell function and insulin resistance. Tertile analysis, following stratification according to appendicular muscle mass index, found that low appendicular muscle mass index was significantly associated with the Log homeostatic model assessment of β-cell function and Log-transformed homeostatic model assessment of insulin resistance.
Introduction
The number of patients with type 2 diabetes is increasing globally [1] , and prevention of diabetes is a worldwide concern. Decreased insulin secretion and increased insulin resistance are related to the onset of diabetes. In Japanese subjects, decreased insulin secretion has a greater impact on the incidence of type 2 diabetes than increased insulin resistance [2] .
In 1985, Matthews et al. advocated the homeostatic model assessment (HOMA), which estimated β-cell function (HOMA-β) and insulin resistance (HOMA-IR) based on fasting glucose and insulin levels [3] . It has been reported that HOMA-β correlated with β-cell function evaluated by an oral glucose tolerance test or hyperglycemic clamp test [4, 5] . Low HOMA-β was associated with impaired glucose tolerance or diabetes in 1449 Mexican subjects during a 3.5-year follow-up [6] , in 644 Chinese subjects followed up for 4.5 years [7] , and in 82,069 US postmenopausal women followed up for 5.9 years [8] . In Japanese subjects, HOMA-β was significantly lower in those with type 2 diabetes than in those with normal glucose tolerance or prediabetes [9] . Moreover, in Japanese subjects, HOMA-β was lower in subjects with impaired glucose tolerance than in those with normal glucose tolerance [10] . These findings suggest that HOMA-β is a reliable indicator associated with glucose intolerance in subjects without diabetes.
Serum immunoreactive insulin (IRI) and C-peptide immunoreactivity (CPR) were measured to assess insulin secretion and were well-known markers of β cell function in the clinical setting. CPR is secreted from β-cells at an equimolar ratio to insulin, thereby reflecting endogenous insulin secretion. In contrast to IRI, CPR is not extracted by the liver [11] , but excreted in the urine; therefore, CPR accurately reflects endogenous insulin secretion.
Reduction of muscle mass, sarcopenia, is a progressive disease related to frailty in elderly subjects. Because the muscle is one of the target organs of insulin, muscle mass may have an impact on glucose tolerance and should be considered when evaluating glucose metabolism. It has been reported that a reduction of muscle mass may be related to the prevalence of prediabetes [12] . However, it is not yet clear whether β-cell function is related to muscle mass, particularly in subjects without diabetes. Therefore, in the present study, we investigated the relationship between β-cell function and skeletal muscle mass in Japanese subjects without diabetes.
Subjects and Methods Subjects
This study included 1098 subjects (538 men and 560 women) aged 40 to 79 years undergoing a consultation and medical examination at the Osaka Medical College Health Science Clinic between July 2013 and July 2014. Exclusion criteria were (1) diabetes (fasting glucose equal to or higher than 126 mg/dL or glycosylated hemoglobin [HbA1c] equal to or higher than 6.5%), and (2) diabetes history or treatment. This study was approved by the Ethics Committees of Osaka Medical College (No. 1315) and Osaka Medical College Health Science Clinic (No. 2011-CR-9). Written informed consent was provided by all subjects.
Anthropometric Measurements
During the medical consultation, body height and weight were measured with the patient in the standing position. Body mass index (BMI) was calculated as body weight divided by height squared (kg/m 2 ). Muscle mass was measured by bioelectrical impedance analysis (BIA) using the Body Composition Analyzer MC-190 (Tanita Corp., Tokyo, Japan) [13] . The appendicular muscle mass (AMM) was calculated as the sum of the muscle mass of the arms and the legs, and the appendicular muscle mass index (AMI) was calculated as AMM divided by height squared (kg/m 2 ) [14] .
Laboratory Measurements
Blood samples were drawn on the morning of the medical consultation, after at least 10 hours' fasting. Fasting serum glucose (FG) levels were measured by hexokinase enzymatic analysis, HbA1c level was measured by high-performance liquid chromatography, and IRI and CPR were measured by chemiluminescence enzyme immunoassay. The HOMA-β and HOMA-IR for an index of the β-cell function and insulin resistance were calculated using the following formulas: HOMA-β (%) = (IRI × 360) / (FG-63) and HOMA-IR = FG × IRI / 405, respectively.
Statistical Analysis
IRI, CPR, HOMA-β and HOMA-IR values are expressed as medians and interquartile ranges. Other variables are expressed as means ± SD values. Differences between men and women were compared by the Student's t-test. IRI, CPR, HOMA-β and HOMA-IR values were logtransformed (Log) into normally distributed values. The relationships between Log IRI and Log CPR and anthropometric and biochemical parameters (BMI, FG and HbA1c) were examined using Pearson's correlation analysis. The relationship between clinical parameters of β-cell function (Log HOMA-β), insulin resistance (Log HOMA-IR) and age were examined using Pearson's correlation analysis. The comparison of β-cell function (Log HOMA-β) and insulin resistance (Log HOMA-IR) among AMI tertiles was examined by using one-way ANOVA. A p-value less than 0.05 was considered significant. All analyses were performed using SPSS version 22.0 (Chicago, IL, USA).
Results
Anthropometric characteristics and laboratory measurements, including clinical parameters of β-cell function and insulin resistance, are shown in Table 1 . There were no significant differences in HbA1c, Log HOMA-β, and LDL-Chol between men and women. The mean age, height, weight, BMI, AMM, AMI, FG, Log IRI, Log CPR, Log HOMA-IR, TG, AST, ALT and Cr values were significantly higher in men than in women. Conversely, mean Total-Chol and HDL-Chol values were significantly higher in women than in men. IRI, CPR, HOMA-β and HOMA-IR values were log-transformed into normally distributed values for further analysis. Fig 1 shows that the histogram of HOMA-β and HOMA-IR has a non-normal distribution while the histogram of Log HOMA-β and Log HOMA-IR has a normal distribution. Table 2 shows the correlations between Log IRI and Log CPR and anthropometric and biochemical parameters (BMI, FG and HbA1c). Log IRI and Log CPR were positively correlated with BMI, FG and HbA1c in both men and women. Table 3 shows the correlation between clinical parameters of β-cell function (Log HOMA-β), insulin resistance (Log HOMA-IR) and age. In both men and women, Log HOMA-β was negatively correlated with age. Log HOMA-IR was positively correlated with age in women, however not in men. (Fig 2A) and women (Fig 2B) , respectively. In both men and women, there was a significant positive correlation between AMI and β-cell function, insulin resistance (p<0.001). We stratified subjects into tertiles, according to AMI, and evaluated associations between AMI and β-cell function (Log HOMA-β) and insulin resistance (HOMA-IR) in both men and women, respectively (Table 4 ). In men, Log HOMA-β and Log HOMA-IR were significantly lower in the lowest AMI tertile than in the 2nd AMI tertile and in the highest AMI tertile. Also, Log HOMA-β in the 2nd AMI tertile was significantly lower than that in the highest AMI tertile. In women, Log HOMA-β and Log HOMA-IR were significantly lower in the lowest AMI tertile than in the highest AMI tertile. Then, we divided the subjects into two groups, i.e. normal glucose tolerance (defined as fasting glucose lower than 100 mg/dL and glycosylated hemoglobin lower than 5.7%) and prediabetes (defined as fasting glucose equal to or higher than 100 mg/dL or glycosylated hemoglobin equal to or higher than 5.7%), and investigated the association between AMI and β-cell functions, insulin resistance, respectively. In subjects with normal glucose tolerance, Log HOMA-β and Log HOMA-IR were significantly lower in the lowest AMI tertile than in the middle AMI tertile and in the highest AMI tertile in men. There was no such difference in women (Table 5) . In prediabetes subjects, Log HOMA-β and Log HOMA-IR were significantly lower in the lowest AMI tertile than in the highest AMI tertile in both men and women (Table 6 ).
Discussion
In our investigation of Japanese subjects without diabetes, AMI positively correlated with HOMA-β and HOMA-IR, in both men and women. The findings of the present study suggest that appendicular muscle mass is associated with β-cell function and insulin resistance. Skeletal muscle mass decreases with age [15] . An age-related reduction of muscle mass, defined by Rosenberg in 1989, and termed sarcopenia [16] , is related to physical dysfunction and quality of life [17] . In Japan, the importance of maintaining muscle mass in the aging population has been highlighted by strategies promoting physical activity [18, 19] and good nutrition [20] . Some studies have reported an association between muscle mass and diabetes. Reduced appendicular muscle mass is associated with higher HbA1c levels in Japanese subjects [21] . The prevalence of pre-sarcopenia is higher in Asian Indian subjects with type 2 diabetes than in those without diabetes, independent of age [22] . These reports suggest that muscle mass may play an important role in the prevention of diabetes. Therefore, we investigated the association between muscle mass and β-cell function in subjects without diabetes.
Some studies have reported that β-cell function decreases with age. Iozzo et al. reported that β-cell function, estimated by the euglycemic insulin clamp technique, was negatively correlated with age in Europeans aged 18-85 years without diabetes (n = 957) [23] . β-cell function estimated by HOMA-β declined with age in 149 healthy Caucasians [24] . Impaired insulin secretion has been examined in 2,324 Japanese men and 1,472 Japanese women without diabetes (age 30-79 years) [25] . HOMA-β decreased with increasing age in men. Moreover, stepwise multiple regression analysis showed that age was inversely associated with HOMA-β in both sexes. However, muscle mass was not assessed. This study involved 1098 Japanese subjects without diabetes. Log HOMA-β was negatively correlated with age. These findings indicate that β-cell function decrease probably with age in subjects without diabetes. The muscle is one of the target organs of insulin and has a significant effect on glucose tolerance. There are some reports on the association between insulin resistance and muscle mass, but few studies have examined the association between insulin secretion and muscle mass. We have reported that glucagon-stimulated CPR, following intravenous glucagon administration, was negatively associated with skeletal muscle mass in patients with type 2 diabetes younger than 65 years [26] . Over half of the patients in the study were treated with insulin and all subjects had diabetes. Tanaka et al. investigated the association between endogenous insulin secretion and muscle mass in 191 men with type 2 diabetes. They reported that decreased endogenous insulin secretion (serum CPR and IRI, and urine CPR) was an independent risk factor for sarcopenia in patients with type 2 diabetes [27] . Srikanthan et al. has found an association between increased insulin resistance and loss of muscle mass [12] . On the other hand, Lee et al. reported that AMI was positively correlated with HOMA-IR in the their report [28] . We investigated the association among AMI, β-cell function and insulin resistance in subjects without diabetes. Log HOMA-β and Log HOMA-IR were correlated positively with AMI in men and women. Analysis following stratification according to skeletal muscle mass found that in both men and women, Log HOMA-β and Log HOMA-IR were significantly lower in the lowest AMI tertile compared to the highest tertile (Table 4) . Furthermore, we estimated the association among AMI, β-cell function and insulin resistance in the subjects with normal glucose tolerance and prediabetes, respectively. Log HOMA-β and Log HOMA-IR were lower in the lowest AMI tertile compared to the highest tertile. These findings indicate that decreased β-cell function is associated with reduced skeletal muscle mass in Japanese subjects without diabetes. However, in the female subjects with normal glucose tolerance, there was no association of AMI with Log HOMA-β and Log HOMA-IR (Table 5) . AMI was lower in women than in men (Table 1 ) and the percentage of skeletal muscle mass reduction by the aging process in women was reported to be lower than that in men [29] . Therefore, the association between skeletal muscle mass and β-cell function may be unclear in women.
In our study, HOMA-β showed a non-normal distribution, as previously reported [30] , however, Log HOMA-β showed a normal distribution. Thus, analysis of HOMA-β requires Log HOMA-IR 0.00** 0.09 0.14 log-transformation of HOMA-β values, and we reported the distribution of HOMA-β in Japanese subjects as part of this study. In the 2012 National Health and Nutrition Survey in Japan, the average height and weight for men (50-59 years) was 168.6 ± 5.7 cm and 68.0 ± 10.2 kg, respectively. For women (50-59 years), height was 156.1 ± 5.3 cm and 55.2 ± 9.2 kg, respectively. In view of the comparable average figures for height and weight between subjects in the present study and the general population in Japan, the results of the present study could be extrapolated to the Japanese population as a whole.
Our study has some limitations. Firstly, it is limited by the cross-sectional design. Further longitudinal studies are required to evaluate the association among decreased β-cell function, decreased skeletal muscle mass, and the subsequent development of diabetes. Secondly, we used HOMA-β as an index of insulin secretion, although glucose clamps and intravenous glucose tolerance tests are the gold standard for assessments of stimulated β-cell function [4] . However, in the present study, a single blood sample was taken from study subjects in the course of a consultation and medical examination, and we were not able to perform a glucose tolerance test in the subjects. Instead, we used HOMA-β to evaluate insulin secretion. It is a suitable index that can be used frequently and conveniently in clinical practice. Thirdly, we estimated skeletal muscle mass by BIA, although dual X-ray absorptiometry is the gold standard for estimating human body composition. Highly statistically significant correlations between DEXA and BIA measurements of lean body mass have been reported [31] . Thus, the BIA method is considered to be a simple, non-invasive and reasonably-reliable method, which is appropriate to perform on the subjects of the medical examination.
In conclusion, the findings of the present study indicate that decreased β-cell function evidenced by low HOMA-β is associated with reduced skeletal muscle mass in Japanese subjects without diabetes.
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